The tree of life is divided into three main evolutionary lineages, the domains Archaea, Bacteria, and Eucarya (31) . Despite the fact that archaea are prokaryotes, their information machinery (DNA replication, transcription, and translation) and protein turnover and quality control systems (proteasomes and chaperones) are more closely related to their eucaryal counterparts than to their bacterial counterparts. In fact, archaeal homologs of eucaryal 26S proteasomes have greatly assisted in understanding basic mechanisms of energy-dependent proteolysis (2, 20) . The elaborate ubiquitin-proteasome system of eukaryotes (15) and the tmRNA-ssrA system of bacteria (30) , however, are not conserved in archaea, and the mechanisms of targeting proteins for destruction remain enigmatic.
Genome sequencing has provided insights into the central role that proteasomes are likely to play in archaeal physiology. The proteolytic 20S core is universally distributed in Archaea and is postulated to be the major cytosolic protease responsible for protein quality control and regulated proteolysis in this domain (19) . Global analysis of Halobacterium sp. strain NRC-1 (1) revealed little correlation between the levels of mRNA and protein, suggesting that posttranscriptional control mechanisms are of central importance. Unfortunately, linking the archaeal proteasome to posttranscriptional control and other in vivo functions has been hampered by the lack of substrate proteins that are readily detected in whole cells.
Green fluorescent protein (GFP) and its variants are often used as reporters for investigating proteolysis. The advantages of using these proteins as substrates are multifaceted and include ease of detection and little, if any, perturbation to the overall structure upon addition of N-or C-terminal amino acid residues (14) . Recently, GFP was used to assay the activity of a reconstituted proteasome system consisting of the Methanocaldococcus jannaschii proteasome-activating nucleotidase (PAN) and the Thermoplasma acidophilum 20S proteasome (3, 4, 22) . Energy-dependent proteolysis of GFP was dependent on the presence of C-terminal residues identical to the Escherichia coli ssrA tag (AANDENYALAA) (30) . Although ssrA homologs are not predicted based on archaeal genomics, the in vitro study raised the possibility that the amino acid sequence of the ssrA tag has structural similarity to motifs of proteins with short half-lives in archaeal cells. The absence of a suitable GFP expression system, however, precluded examination of this in vivo.
Here we describe the generation and characterization of a GFP-based reporter system that enabled quantification of proteasome-dependent proteolysis in archaeal cells. The haloarchaeon Haloferax volcanii was chosen as the host based on its ease of culture, established genetic exchange system, and synthesis of two 20S proteasome isoforms (17, 29) and PAN proteins (25) . Although the concentration of inorganic ions (2.5 to 6 M) in the cytosol of haloarchaea can limit the synthesis of nonhalophilic proteins in active forms (21, 23) , purified GFP is resistant to many denaturants (e.g., 6 M urea) (27) , suggesting that it or derivatives of it may be suitable for expression. A soluble modified derivative of GFP (Phe99Ser, Met153Thr, and Val163Ala) (8) with a red-shifted mutation (Ser65Thr) (smRS-GFP) (9) was found to be ideal for use as a fluorescent reporter protein to examine the proteolytic activity of 20S proteasomes in H. volcanii. PCR was used to introduce restriction enzyme sites for directional cloning of enhanced GFP (EGFP) (GFP with Phe64Leu and Ser65Thr mutations) into plasmid pET28b and synthesis of His 6 -tagged EGFP in E. coli. A 0.97-kb DNA fragment of this plasmid (pJAM801) was subcloned into shuttle expression vector pBAP5010 for synthesis of His 6 -EGFP in H. volcanii. Plasmids expressing soluble modified blue-, green-, and red-shifted fluorescent proteins in H. volcanii were generated by blunt-end ligation of DNA fragments from plasmids pSMBFP, pSMGFP, and pSMRSGFP into the pBAP5010-derived plasmid pJAM202. To introduce C-terminal modifications into smRS-GFP, an internal 356-bp DNA fragment from the smRS-GFP gene was ligated into pGFP-11 by using BalI and MunI. The resulting pET-based plasmid (pJAM1022) encoded smRS-GFP with a C-terminal ssrA tag (AANDENYALAA). To create smRS-GFP-ssrA variants in pET22b, PCR was used to modify the ssrA sequence, and the PCR products were ligated with pJAM1022 fragments as indicated in Table  1 . Genes encoding these smRS-GFP-ssrA variants were cloned into plasmid pJAM202 as indicated in Table 1 for expression in H. volcanii. The Halobacterium cutirubrum rRNA P2 promoter and T7 terminator were used for transcription of the cloned gene in H. volcanii. For all expression plasmids, the presence and orientation of the gene with respect to the promoter and terminator were determined by restriction endonuclease cleavage, PCR, and/or DNA sequencing.
MATERIALS AND METHODS

Materials
DNA purification and transformation. Plasmids were isolated with a QIA-GEN miniprep kit (QIAGEN Inc., Valencia, Calif.). DNA fragments were eluted from 0.8% (wt/vol) SeaKem GTG agarose (FMC Bioproducts, Rockland, Maine) gels with 1ϫ TAE buffer (40 mM Tris-acetate, 2 mM EDTA; pH 8.5) by QIAquick gel extraction (QIAGEN). H. volcanii DS70 cells were transformed with plasmid DNA isolated from E. coli GM2163 as described by Cline et al. (7) .
Protein techniques and immunoblotting. Protein concentrations were determined by using the Bradford reagent with bovine serum albumin (Bio-Rad, Hercules, Calif.) as the standard. For immunoblotting, proteins were separated by reducing and denaturing 12% polyacrylamide gel electrophoresis (PAGE) with ␤-mercaptoethanol and sodium dodecyl sulfate (SDS) (18) . The molecular mass standards included phosphorylase b (97.4 kDa), serum albumin (66.2 kDa), ovalbumin (45 kDa), carbonic anhydrase (31 kDa), trypsin inhibitor (21.5 kDa), and lysozyme (14.4 kDa) (Bio-Rad). After separation, proteins were transferred to Hybond-P membranes (Amersham Biosciences, Piscataway, N.J.) by using 10 mM 2-N-morpholino) ethanesulfonic acid (MES) at pH 6.0 with 10% (vol/vol) methanol (20 V, 4°C, 16 h). Antigens were detected by using Living Colors Aequorea victoria peptide rabbit immunoglobulin anti-GFP antibody as the primary antibody, which is suitable for use with all GFP variants (Clontech Laboratories, Inc., Palo Alto, Calif.). Horseradish peroxidase-conjugated anti-rabbit immunoglobulin (HϩL) antibody raised in goats (Southern Biotechnology Associates, Inc., Birmingham, Ala.) was used as the secondary antibody. Horseradish peroxidase activity was detected by ECL Plus chemiluminescence (Amersham Biosciences) with a VersaDoc 1000 imaging system (Bio-Rad). For preparation of samples with and without clasto-lactacystin ␤-lactone, 5-ml cultures of H. volcanii(pJAM1023) were grown to an optical density at 600 nm (OD 600 ) of 0.23. Dimethyl sulfoxide (DMSO) (0.01%) with and without the proteasome inhibitor (30 M) was added, and cells were grown for an additional 9.5 h to OD 600 of 0.37 and 0.80, respectively. Thus, cells were exposed to the inhibitor during exponential growth, when synthesis of new 20S proteasome proteins occurs (25) . Cells were harvested and resuspended in SDS-PAGE loading dye (50 l). Each boiled sample (20 l) was used for immunoblot analysis. For all other immunoblots, samples were prepared from H. volcanii cultures (60 ml) grown in triplicate to OD 600 of 0.8 to 1.0. Cells were harvested by centrifugation (10,000 ϫ g, 20 min, 4°C), resuspended in 0.5 ml of distilled H 2 O, lysed by sonication, and centrifuged again (14,000 ϫ g, 20 min, 4°C). Samples (10 to 50 g) were analyzed within the linear range of detection as determined by using the His 6 -EGFP (10.7, 21.4, 42.8, 64.2, and 85.6 ng) purified from recombinant E. coli(pJAM801) by Ni 2ϩ -Sepharose chromatography as previously described (17) . Cell lysate (10 g) of H. volcanii(pJAM1020) expressing smRS-GFP was also included on all blots for comparison to the smRS-GFP variants.
Fluorescence measurements for GFP variants in whole cells. Colonies of H. volcanii were viewed and photographed on culture plates by using a Leica fluorescence stereomicroscope operated with and without GFP cube band pass filters (excitation 480/40 nm and emission 510 nm; Microoptics of Florida, Davie, Fla.) and a Nikon Coolpix 4500 camera. For whole-cell fluorescence, cells were viewed at a magnification of ϫ100 by using differential interference contrast microscopy with a Nikon OptiPhot-2 microscope with a Nikon B-1E filter combination and were photographed with a Kodak DC290 zoom camera. Fluorescence of liquid cultures was monitored by using an Aminco-Bowman series 2 luminescence spectrometer (Spectronic Instruments, Rochester, N.Y.). The excitation and emission wavelengths were as follows: 488 and 509 nm for EGFP and smRS-GFP; 395 and 509 nm for soluble modified GFP (smGFP) (GFP with Phe99Ser, Met153Thr, and Val163Ala mutations); and 380 and 440 nm for soluble modified blue fluorescent protein (smBFP), which was smGFP with a Proteasomes were purified further by application onto a 5-ml Bio-scale hydroxyapatite type I column (Bio-Rad) equilibrated in 10 mM sodium phosphate buffer (pH 7.2) with 2 M NaCl (buffer B). The column was washed with 15 ml of buffer B and developed with a 30-ml linear sodium phosphate gradient (10 to 500 mM sodium phosphate [pH 7.2] with 2 M NaCl). Protein fractions (300 g per ml) with peptide-hydrolyzing activity which eluted at ϳ350 mM sodium phosphate were pooled. A sample (0.5 ml per run) was applied to a Superose-6 HR 10/30 gel filtration column (Amersham Biosciences) equilibrated in buffer A. Peptidehydrolyzing fractions containing 600-kDa 20S proteasomes, which were determined to be homogeneous with Coomassie blue R-250-stained SDS-PAGE gels, were pooled and used for kinetic and inhibitor analysis. To determine the percentage of inhibition of 20S proteasomes by clasto-lactacystin ␤-lactone in cell culture, H. volcanii DS70(pJAM202) was grown in a 5-ml culture to an OD 600 of 0.28. DMSO (0.01%) with and without a proteasome inhibitor (15 M) was added, and cells were harvested after an additional 9.5 h of incubation (OD 600 , 1.58 and 2.0, respectively). His-tagged 20S proteasomes were purified from these cultures by Ni 2ϩ -Sepharose chromatography (as described above) and assayed for peptide-hydrolyzing activity.
Peptide-hydrolyzing activity. Chymotrypsin-like peptide-hydrolyzing activity was assayed in buffer A with 20 mM N-Suc-Leu-Leu-Val-Tyr-7-amido-4-methylcoumarin unless otherwise indicated. Release of 7-amino-4-methylcoumarin was monitored by determining the increase in fluorescence over time by using excitation and emission wavelengths of 350 and 460 nm with an Aminco Fluorocolorimeter (Spectronic Instruments). Assays were performed at the approximate temperature (60°C), pH (pH 7.2), and NaCl concentration (2 M) optima determined previously for H. volcanii 20S proteasomes (29) .
RNA isolation and analysis. Cultures (2 ml) of strains DS70, DS70 (pJAM1020), DS70(pJAM1023), and DS70(pJAM1025) were grown to an OD 600 of 0.8. Total RNA was isolated with an RNeasy mini kit for bacteria (QIAGEN), with the following modifications. Cells were centrifuged for 1 min at 18,000 ϫ g and immediately resuspended in 100 l of RNase-free deionized water. Total RNA was treated with DNase I (Sigma) and NucAway spin columns. RNA quality was confirmed by using ethidium bromide-stained 0.8% (wt/vol) agarose gels. The RNA concentration was determined by measuring the absorbance at 260 nm. Total RNA (1.5 g) was used as a template for One-Step reverse transcriptase PCR (RT-PCR) (QIAGEN) with oligonucleotides specific for the coding region of smGFP (5Ј-GGAGAAGAACTTTTCACTGGAGT-3Ј and 5Ј-ATGTTCATCCATGCCATGTGTAATC-3Ј). cDNA products (0.7 kb) were detected by agarose gel electrophoresis (as described above). Control reaction mixtures, incubated on ice (instead of 50°C) for the RT step, were included to ensure that cDNA products were not due to contamination of total RNA with recombinant plasmid DNA.
RESULTS AND DISCUSSION
Functional synthesis of an archaeal GFP reporter protein.
A variety of GFP variants were explored with the goal of generating of a fluorescent reporter protein for functional expression in H. volcanii. Initially, EGFP was examined based on amino acid modifications (Phe64Leu and Ser65Thr) which allowed enhanced fluorescence compared to that of GFP. Quantitative immunoblotting of a recombinant strain which expressed the EGFP gene [H. volcanii DS70(pJAM1011)] revealed levels of fluorescent protein that were ϳ0.1% of the total cell protein (Fig. 1) ; however, whole-cell fluorescence was not enhanced. An N-terminal polyhistidine tag allowed rapid purification of EGFP in high-salt (2 M NaCl) buffer from recombinant H. volcanii. The partially pure EGFP exhibited significant fluorescence (data not shown), suggesting that it folded in the high-ionic-strength cytosol of H. volcanii. Thus, the low levels of EGFP may have limited its detection by fluorescence in whole cells.
To enhance the levels of fluorescent protein, genes encoding soluble modified derivatives of GFP (smGFP, smRS-GFP, and smBFP) were expressed in H. volcanii. The soluble modifications (Phe99Ser, M153Thr, and Val163Ala) were derived from the UV-optimized cycle 3 variant which has reduced surface hydrophobicity, increased thermostability, and a lower tendency to aggregate during folding compared to GFP (13) . The soluble modifications were expected to increase the stability and/or folding of GFP in the high-ionic-strength cytosol (2 to 3 M) of H. volcanii. The genes encoding the fluorescent protein variants also included silent mutations which removed mRNA processing sites and optimized codons for expression in plants (9) . The red shift in excitation and emission wavelengths was selected to minimize autofluorescence of the host cell.
Based on quantitative immunoblotting, all three soluble modified derivatives of GFP (smGFP, smBFP, and smRS-GFP) were expressed at relatively high levels (Ͼ1% of the total cell protein) in recombinant H. volcanii (Fig. 1) . Immunoblotting of the 10,000-ϫ-g fraction of cell lysate revealed no significant accumulation of the soluble modified derivatives of GFP as inclusion bodies (data not shown). Furthermore, recombinant cells which produced smRS-GFP [strain DS70 (Fig. 2, 3 , and 4). The fluorescence attributed to smRS-GFP was uniformly distributed throughout the colonies on plates (Fig. 2 ) and in whole cells (Fig. 3) . The smRS-GFP fluorescence paralleled growth in liquid cultures, with an exponential increase during the log phase and a plateau during the stationary phase (Fig. 4) . The persistence of smRS-GFP fluorescence in the stationary phase suggested that this reporter protein was relatively stable in whole cells. C-terminal modifications reduce the level of smRS-GFP in vivo. C-and N-terminal tags are often fused to GFP to define structural elements or motifs that target proteins for degradation (6) . The apparent stability of smRS-GFP in H. volcanii suggested that a similar approach could be used to determine what residues and/or motifs destabilize proteins in vivo. Thus, a variety of amino acids were fused to the C terminus of smRS-GFP (Table 2) . Included in the modifications was addition of the 11-residue sequence AANDENYALAA (the ssrA tag). Although archaea do not encode ssrA homologs, the 11-residue amino acid sequence had previously been shown to target GFP for degradation by reconstituted archaeal 20S proteasome and PAN complexes purified from recombinant E. coli (3). The modifications (Table 2 ) also included C-terminal deletions and alteration of the C-terminal Ala-10 and Ala-11 residues of the ssrA tag to acidic (Glu and Asp), basic (Lys), and hydrophobic (Leu) residues. In addition, a random sequence was included which had four contiguous charged residues (Asp-Asp-Lys-Asp) in place of the two charged residues of the ssrA tag (Asp-Glu). All of these C-terminal tags were predicted to be on the surface of smRS-GFP and to have little if any impact on the overall structure or fluorescence of the intact protein, based on circular dichroism of GFP versus GFPssrA (14) and the GFP crystal structure (24) .
The majority of amino acid residues which were fused to the C terminus of smRS-GFP, including the ssrA tag, completely abolished whole-cell fluorescence (Table 2 ). In fact, only a few of the tags examined resulted in fluorescent colonies, and the levels of fluorescence of these colonies were low to moderate compared to those of the colonies with unmodified smRS-GFP. To determine whether the observed reductions in fluorescence reflected changes in the levels of the reporter protein, quantitative immunoblotting was performed. Based on this analysis, the levels of reporter protein were proportional to whole-cell fluorescence. Most of the C-terminal fusions, including the ssrA-tagged protein, were reduced at least 200-fold compared to the untagged smRS-GFP ( Table 2 ). The exceptions included the addition of AANDDKDLSNN, whose length was comparable to that of the ssrA tag but which had four contiguous charged residues. This modification resulted in a Ͼ50-fold increase in protein levels compared to smRS-GFPssrA. Likewise, deletion of Ala-2 to Ala-11 of the ssrA tag enhanced the levels of this fusion protein more than 16-fold. Replacement of the C-terminal Ala residues (Ala-10 and Ala-11) of ssrA with acidic residues (Glu or Asp) also enhanced the protein levels more than 10-fold.
Some general trends in the type of C-terminal modification and the level of reporter protein were apparent. Most prominent was the finding that in all cases addition of a hydrophobic residue (i.e., Ala or Leu) to the C terminus dramatically reduced the level of reporter protein, even when the length of the fusion varied. In fact, addition of a single Ala to smRS-GFP resulted in a Ͼ10-fold decrease in the level of protein.
The type of residue added to the C terminus, however, was not the sole determinant of reporter protein levels, as exemplified by fusion proteins with Asn as the terminal residue. These Asn fusion proteins varied from Ͻ0.5 to 30% of protein relative to smRS-GFP. Furthermore, the length of the tag was not directly correlated with the reporter protein levels (e.g., addition of the 11-residue AANDDKDLSNN tag had less impact on smRS-GFP levels than addition of a single Ala).
Although the ssrA system that targets proteins for degradation by the Clp protease in Bacteria is not conserved in Archaea, there are some similarities in C-terminal amino acid sequences that reduce or enhance the GFP reporter protein H. volcanii DS70 and DS70(pJAM1020), which expresses smRS-GFP, were grown to an OD 600 of 1, and 0.1 ml of a 10 Ϫ6 dilution was spread onto ATCC 974 solid medium. Cells were incubated for 5 days at 37°C, and colonies were visualized by bright-field (A and C) and fluorescence (B and D) microscopy.
FIG. 3.
H. volcanii expressing smRS-GFP displays uniform cell fluorescence. Liquid cultures of H. volcanii DS70 and DS70(pJAM1020), which expresses smRS-GFP, were grown to an OD 600 of 1. Cultures were transferred (10 l) to glass slides with coverslips, and whole cells were visualized by differential interference contrast microscopy with and without fluorescence. levels in these two domains. For example, in E. coli, modification of the Ala-10 and Ala-11 residues of ssrA to acidic residues increases the K m of ClpXP by a factor of at least 100 (i.e., no degradation is observed at a saturating protein substrate concentration) (12) . Likewise, in H. volcanii, alteration of the terminal Ala residues to acidic residues enhanced protein levels 10-fold. However, in contrast to E. coli, the levels of these acidic ssrA derivatives were significantly reduced compared to .
...GITHGMDELYK 100 Ϯ 4.4 ϩϩϩϩ a C-terminal 11 residues of smRS-GFP. b Amino acid residues added to the C terminus of smRS-GFP. The abbreviations used to indicate the type of modification are in parentheses. c Protein level based on quantitative immunoblotting and expressed as a percentage relative to smRS-GFP. Compared to proteins that were present at levels that were less than 0.5% of the smRS-GFP level, the ssrA-tagged fusion protein was undetectable (UD).
d Relative level of fluorescence as observed by fluorescence microscopy of colonies, where ϩϩϩϩ is the highest level and Ϫ is undetectable.
the levels of the unmodified smRS-GFP reporter protein in H. volcanii. C-terminal modifications do not affect the level of smRS-GFP-specific mRNA in H. volcanii. Based on the results presented above, a variety of C-terminal fusions were found to reduce the level of smRS-GFP in H. volcanii. All of the expression plasmids used for this analysis were designed to have identical DNA sequences and spacing for the ribosomal binding site, transcriptional promoter, terminator, and the majority of the open reading frame encoding smRS-GFP. Thus, the C-terminal modifications to smRS-GFP were expected to have little impact on mRNA levels. To confirm this, the levels of smRS-GFP-specific mRNA were analyzed by RT-PCR by using cells expressing smRS-GFP, smRS-GFP-ssrA, and the smRS-GFP-ssrA derivative with Ala10Asp and Ala11Asp mutations (i.e., smRS-GFP-ssrDD). Comparable levels of smRS-GFP-specific mRNA were detected in all three recombinant strains, while none of this transcript was detected in parent strain DS70 (data not shown). Thus, mRNA levels did not limit the synthesis of the smRS-GFP variants in these recombinant H. volcanii strains.
clasto-Lactacystin ␤-lactone as an in vivo inhibitor of H. volcanii 20S proteasomes. clasto-Lactacystin ␤-lactone has been shown to permeate eukaryotic cell membranes and inhibit 20S proteasomes by covalent modification of the active site threonine hydroxyl (10, 11) . This molecule is considered by many to be the "gold standard" for proteasome inhibitor specificity and is used routinely to investigate proteasome function in eukaryotic cells (5) . To determine whether H. volcanii 20S proteasomes are inhibited by this compound, two approaches were taken. First, the peptide-hydrolyzing activity of purified 20S proteasomes was assayed in the presence of clasto-lactacystin ␤-lactone or the general serine protease inhibitor phenylmethanesulfonyl fluoride (PMSF) (Fig. 5A ). Compared to PMSF, which had little if any influence on the peptide-hydrolyzing activity of the halophilic 20S proteasomes, the lactacystin derivative was highly specific, with a K i of ϳ40 nM (Fig. 5B) . (17), expression of the ␤-His protein from plasmid pJAM202 enhances the levels of ␤-protein twofold compared with the wild type. Thus, the levels of 20S proteasomes may be higher in DS70(pJAM202). However, it is more likely that clastolactacystin ␤-lactone is not fully soluble at the concentration and composition of salts required for growth of H. volcanii. The latter possibility is supported by the 30 to 40% decrease in inhibition of the halophilic 20S proteasome activity in vitro when clasto-lactacystin ␤-lactone was preincubated for 30 min at 37°C in ATCC 974 medium salts (ϳ2.6 M NaCl, 530 mM MgCl 2 , 30 mM KSO 4 , and 1.2 mM CaCl 2 ) prior to the assay (data not shown). It is also possible that clasto-lactacystin ␤-lactone does not permeate H. volcanii cells as readily as it permeates eukaryotic cells due to differences in cell wall structure. The cell wall of H. volcanii includes a glycoprotein S-layer and cell membrane of isoprenoid ether lipids not found in eukaryotes. Inhibition of 20S proteasomes enhances the level of smRS-GFP-ssrA protein in H. volcanii. One of the C-terminal smRS-GFP derivatives, the ssrA-tagged fluorescent protein, was chosen as a reporter to investigate whether 20S proteasomes are involved in modulating the levels of this protein in the cell. The rationale for this choice was that an ssrA-tagged derivative of GFP is degraded by 20S proteasomes reconstituted with PAN in vitro (4). Thus, H. volcanii cells expressing smRS-GFP-ssrA were grown in the presence and absence of clasto-lactacystin ␤-lactone and analyzed for accumulation of the reporter protein. Interestingly, addition of the proteasome inhibitor significantly reduced the growth rate (from a doubling time of ϳ4 h to 6 h), suggesting that 20S proteasomes are needed for normal growth of H. volcanii (Fig. 6A) . Immunoanalysis revealed that the reporter protein (smRS-GFP-ssrA) accumulated when cells were grown in the presence of clasto-lactacystin ␤-lactone (Fig. 6B) . In contrast, the general serine protease inhibitor PMSF (30 M) had no influence on cell growth or reporter protein levels (data not shown). Although the ssrA-tagged smRS-GFP did not accumulate to levels comparable to those of the untagged smRS-GFP in the presence of clasto-lactacys- Conclusions. This study revealed that a soluble, modified, red-shifted derivative of GFP (smRS-GFP) is synthesized and readily detected in recombinant H. volcanii. The fluorescence of smRS-GFP was uniformly distributed in whole cells and paralleled the reporter protein levels, as determined by immunoblotting. Addition of amino acid residues in various sequences and with various lengths to the C terminus of smRS-GFP had a differential effect on the levels of this reporter protein. Proteasomes were found to be responsible, at least in part, for modulating the levels of the ssrA-tagged GFP derivative in vivo.
Recombinant smRS-GFP and C-terminal variant reporter proteins have tremendous potential in a variety of applications in the haloarchaea. For example, chromosomal mutations that stabilize C-terminus-tagged smRS-GFP derivatives, regulated promoters, and chemical libraries of 20S proteasome inhibitors can be rapidly screened in H. volcanii by using fluorescent plate assays. The localization of H. volcanii proteins can be determined by fusion to smRS-GFP and imaging via whole-cell fluorescence. Although the current host strain necessitates the use of immunoblotting for quantitative analysis of smRS-GFP levels, the analysis is bolstered by the rapid and qualitative analysis of GFP levels by whole-cell fluorescence. Efforts aimed at reducing the autofluorescence of H. volcanii should result in greater versatility of this reporter protein in the future (e.g., sensitive quantification of smRS-GFP levels via fluorescence and dual-fluorescent-label studies).
